Handwriting is an acquired trait of an individual which is primarily culture and environment dependent. The present study attempts to assess the relative influence of schooling 
Cultural Factors Influencing Handwriting
According to Tylor [2] "culture is that complex whole which includes knowledge, belief, art, morals, law, custom, and any other capabilities and habits acquired by an individual as a member of the society". An ethnic or population group consists of descendants and ancestors, where cultural transmission occurs in the form of customs, rituals and preconceptions. Handwriting is also considered a skill which is initially acquired from parents and cultural peers who assist their children in teaching pre-writing skills, holding writing instruments, sitting in an upright posture, developing handeye coordination, tracing the alphabets and motivating the consistent formation of letters. Additionally, teaching the motor preliminaries of handwriting involves the introduction of cultural standards such as regularity and neatness, the introduction of cultural biases such as slant, counter clockwise rotations, and left to right transport. It also involves the introduction of various constraints such as posture, grasp, and which hand is being used. In different cultures and societies these standards, biases, and constraints may differ, producing different effects in the writing of their subjects.
Additionally, parents or cultural peers assist their children in teaching pre-writing skills, holding writing instruments, sitting in upright posture, developing hand-eye coordination, tracing the alphabets and motivating the consistent formation of letters [1, 3] .
Schooling Environmental Factors Influencing Handwriting
Schooling environment refers to the institutional setting of a school which provides a learning environment for the students under the direction of a teacher or instructor. Much of an individual's handwriting is dictated by the teaching systems and writing styles prevalent in a particular geo-
Introduction
Handwriting is a behavioural skill of humans which is acquired after birth. Learning the ability to write is considered as one of the most complicated and advanced skills of human behaviour. The particular way in which an individual learns these skills is primarily a function of the culture and schooling environment in which he or she is reared and matured. Handwriting, being a neuromuscular activity, relates the cognitive aspects of the brain with muscular movements. Culture and schooling environment play a crucial role in influencing the cognitive and motor development of a child, and this development varies greatly in different cultural and school settings.
The nature or appearance of handwriting is primarily environment, experience and culture dependent [1] . A writer's cultural and schooling environment is considered as a matrix from which the skill of handwriting is acquired or cultivated. The development of handwriting passes through different stages in the lifetime of a writer. During the initial stage, a writer develops writing skills and learns the basic letter formations by replicating, copying and imitating the letter designs formed by his family members. After mastering the basic writing skills, the writer tries to imitate other's handwriting and simultaneously imbibes more individuality into his writing. Up to this stage, a writer remains under the influence of his cultural peers, relatives and teachers which leads to the transmission of graphical skills vertically, horizontally and obliquely in a group. In the latter stages, previously developed handwriting characteristics become more habitual and changes occur, only in fluency or design under the influence of writing frequency and a particular occupation. graphical location [4] . There are noticeable differences between the individual teaching systems in different regions [5] . Additionally, the physical settings in which a child is reared also play an important role in the development of the motor aspect of handwriting. Children who attend the private pre-school type-setting, having plenty of open space to play, gymnasia, courts and playgrounds display higher motor activities than children who participated in public preschool centres that have limited spaces for sports and free play and do not include any physical education lessons into their schedule.
The present study aims at comparing the handwriting features of the writers belonging to: 
Materials and Methods
A source document, which was used as a standard for copying the text, was designed for the present study. The source document consisted of all letters and certain character combinations of interest. It also contained a general document structure that allowed the extraction of macrofeatures of handwriting such as slant, margin, orientation and skewness. Each writer was provided with a plain sheet and blue ball pen of the same brand. Writers were requested to copy out the source document in their most natural handwriting. In addition, writers were also asked to fill in a proforma that encoded general information like name, age, sex, ethnic/population group and area/geographical region [3] .
Writer Population
A total of 260 English handwriting samples were ob- Binarization is a process which divides the pixel values of a digital image into two groups: white as background pixel and black as foreground or object pixel. It reduces the storage requirements and increases the speed of data processing.
During the third step of pre-processing, noise removal was done by using median filters. These filters work by moving through images pixel by pixel and replacing each pixel value of the image with median value of neighbouring pixels. After the denoising step, the handwritten text was segmented into lines; each line into words and then each word was segmented into constituent letters or alphabets to get the characters or character combinations of in-
Feature Extraction
After pre-processing the handwriting samples, hand- 
Pre-Processing of Handwriting Samples
Pre-processing is a common name for operations with images at the lowest level of abstraction. The aim of preprocessing is an improvement of the image data that supresses unwilling distortions or enhances some image features important for further processing [6] . This stage consists of scanning, binarization, noise removal and segmentation.
The obtained handwriting samples were scanned at 300 dpi resolution and converted into a scanned digital image using a HP LaserJet M1136 MFP scanner. After scanning all the handwritten samples, binarization was performed.
varies for different writers from light to heavy [7] . For the present study, pen pressure was computed using grey level LAB) stores the value of respective x and y coordinates as a matrix in a defined variable A and B, the elements of the matrix for different x and y coordinates were computed to get the angle of slant [9] . It measures the inverse tangent angle using the following equation:
The overall slant of writing was taken as the average of all angles of all the line elements i.e. letters and numerals with vertical shaft e.g. B, D, E, F, H, I, 1, 4 etc.
Height of Handwriting: According to Huber and
Headrick [1] , height of the handwriting is based on the measurements or judgement of vertical dimensions of letters, presuming that there is sufficient consistency to permit a reasonable approximation to be determined. In the present study, the average height or vertical dimension of the handwriting was obtained from the capital or block letters written in the handwriting sample. The height of the handwriting was computed using image processing toolbox of the Image J Software. Image J is a java based image processing software developed at the National Institute of Health. It was calculated by measuring the distance (in pixels) between the maximum and minimum point of the vertical dimension of the capital letters. It was then averaged over the entire document. been studied by questioned document examiners [11] and accounts for around 4% of all two-character combinations [12] . In addition, the discriminative power of the 'th' bigram (grapheme) is higher than that of single characters [13, 14] . A minimum bounding rectangular box enclosing 'th' bigram was created by manual cropping. The height and width of the 'th' bigram was computed (in pixels) in the image processing toolbox of the image j software. The aspect ratio of bigram 'th' was calculated in the SPSS software. (in pixels) from the baseline to the apex of the letter 't' or 'h' [ Figure -5 ].
Height Relation of 't' to 'h' in

9-10. Presence or Loop in 't' and 'h' in Bigram 'th':
A loop is a handwritten pattern made of several strokes formed when the writing instrument returns to a previous location while touching the writing surface continuously, giving a closed outline with a 'hole' in the centre [15] .
They are also considered to be good features to distinguish writers [12] . For the present study, presence or absence of loop in 't' and 'h' character in bigram 'th' was observed manually. It was observed (Table-2 The observed significant differences between writers of same cultural/ethnic groups living in different geographical regions and attending different schools could be because of the differences in the individual teaching system and writing styles prevalent in a particular region. There are numerable differences in teaching systems in different regions, including the differences in the make-up of characters, the structure of the language, the way handwriting is taught at school and the importance placed upon it. The differences between teaching systems are hard to generalize due to the differences in teaching style at individual schools [5] . According to Feingold [17] , what the teacher writes on the blackboard." Contrary to it, schools in Nagpur teach students to write in cursive handwriting style and encourage them to use scientific techniques to improve their handwriting [18] . Additionally, the strong regional variation between Nagpur and Delhi in writing English could also be one of the probable reasons behind the significant differences.
11-16. Pattern Matching of Lower
Whilst this study highlighted several significant differences between the handwriting features of writers of same cultural groups who were living in different regions and attending different schools, it was also found that writers of different cultures who were sharing the same geographical region and school settings have no significant differences in their handwriting features. In the present study, writers of Brahmin and Chambhar and Chamar cultural/ethnic It is also important to mention here that writers of different cultural groups living in different geographical regions and attending different schooling systems (Table-6 
Conclusion
The evidence presented in this study suggests that the schooling environment of a writer plays a greater role in influencing handwriting of a writer as compared to the culture. Much of a writer's handwriting is controlled by the handwriting instructions which a writer receives in the schooling system. Findings from this study provide additional support to the fact that the nature or appearance of handwriting is primarily environment, experience and culture dependent [1] . It is expected that our results will assist document examiners in understanding the important role of schooling environment or teaching systems in influencing handwriting features and in providing the basis for future inquiry and research in another geographical region.
